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(g) Optically-amplifying repeaters. 

@) An optically-amplifying repeater includes a 
monitor and control portion (9,9') for outputting 
a response signal in response to a supervisory 
control signal, a pair of erbium-doped fibers 
(1,1') for optically amplifying an input optical 
signal by stimulating action of a pumping laser 
diode (6,6*) and outputting tlie amplified optical 
signal, a pair of optical output stabilization 
portions (5,5') for outputting a DC cunrent l^c 
driving the pumping laser diode such that the 
optical output level of the erbium-doped fiber 
becomes constant, and a pair of amplification 
portions (7.7') supplied with the response signal 
output from the monitor and control portion 
(9,9') for outputting an AC current Uc driving the 
pumping laser diode. The repeater further in- 
cludes a pair of gain control portions (13,13') for 
outputting a control signal Vcont controlling the 
gain of each of the amplification portions (7,7') 
such that the DC current Iqc and the AC cun-ent 
j^c satisfy the relationship Iac = a x Iqc + b (a, b : 
constants). With such arrangement, the main 
signal and the response signal are amplified at 
the same rate and, hence, the index of modu- 
lation of the response signal component rela- 
tive to the main signal can be kept virtually 
constant even when there is produced a change 
in the input signal level to the optical amplifying 
repeater, the temperature of the same, and the 
lik . 
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The present invention relates to optically-amplify- 
ing repeaters, for example, an optically-amplifying re- 
peater using erbium-doped fibers and having a mod- 
ulator circuit which monitors the operating state of the 
repeater and superposes a response signal indicative 
of the monitored state on the main signal so as to in- 
form a terminal station of the repeater's operating 
state. 

An optical amplifier which amplifies an optical 
signal directly , without converting the optical signal 
into an electrical signal, can operate substantially In- 
dependently of the bit rate and is suitable for use in a 
large-capacity system and enables multiple channels 
to be amplified en bloc. Because of such features, it 
will be desirable to employ such an optical amplifier 
as one of the key devices in future optical communi- 
cation systems. A previously-considered optica! am- 
plifier comprises an optical fiber amplifier using an 
optical fiber, chiefly the core of which is doped with a 
rare earth element or ion (such as Er, Nd, and Yb). 
Such an optical fiber amplifier can be designed to pro- 
vide high gain; also it can be designed so that its gain 
is not dependent on polarization, it produces low 
noise, and it incurs little connection loss at its connec- 
tion with an optical fiber used as a transmission line. 

There has been made an attempt to construct a 
long-distance optical communication system by dis- 
posing a plurality of optical fiber amplifiers as descri- 
bed above in an optical transmission line at intervals 
of a predetermined distance so that an optical signal 
is directly amplified by optical amplifying repeaters 
constituted of the optical fiber amplifiers inserted in 
the optical transmission line. When constructing such 
an optical communication system, it is preferable that 
a terminal station connected with the optical trans- 
mission line monitors the operating state of each opt- 
ical amplifying repeater and executes necessary con- 
trol of each optical amplifying repeater. In response to 
a supervisory signal output from the terminal station, 
a response signal indicative of the operating state of 
the repeater is sent back superposed on the main sig- 
nal to the terminal station. Then, since the response 
signal is superposed on the main signal, there arises 
the need for an optical amplifying repeater including 
a modulator circuit which is capable of keeping the in- 
dex of modulation of the response signal relative to 
the main signal virtually constant. 

Referring to FIG. 1, in which a block diagram of 
a previously-considered repeater circuit is shown, ref- 
erence numeral 10 denotes a repeater circuit for the 
up transmission line and 10' denotes a repeat' r cir- 
cuit for the down transmission line. Signal light 
formed of the main signal and a supervisory control 
signal superposed thereon transmitted over the up 
transmission line 11 is input to an erbium-doped fiber 
1 . Pumping light from a pumping laser diode 6 is re- 
flected by a wavelength division multiplexer 2 and en- 
ters the erbium-doped fiber and. thereby, the signal 



light is amplified in the erbium-doped fiber 1 . The thus 
amplified signal light is transmitted through the wave- 
length division multiplexer 2 and most of it is transmit- 
ted through a beam splitter 3 to be output to the opt- 

5 ical transmission line 11. A portion of the signal light 
is branched off by the beam splitter 3 and enters a 
photodlode 4 and, therein, the optical signal is con- 
verted into an electric signal. The electric signal from 
the photodlode 4 Is input to an optical output stabilizer 

10 circuit 5 and also input to a bandpass filter 8 whose 
center frequency is f1 . 

Only a subcarrier at a frequency f1 (for example 
10 MHz) modulated by the supervisory control signal 
is extracted by the bandpass filter 8 -and input to a 

15 monitor and control circuit 9. In the monitor and con- 
trol circuit 9, the subcarrier is demodulated and, 
thereby, the supervisory control signal transmitted 
from the terminal station (not shown) is reproduced. 
According to the supervisory control signal, input and 

20 output levels of the optical amplifying repeater are 
monitored, the driving current of the pumping laser di- 
ode 6 is monitored, the temperature of the repeater 
is monitored, the currently used pumping laser diode 
6 is switched to a backup, and optical loopback is per- 

25 formed. 

Further, the monitor and control circuit 9, in re- 
sponse to the supervisory control signal, generates a 
response signal for example at a frequency of 50 b/s 
and in an RZ format as shown in FIG. 2A. Further, it 

30 modulates, with the response signal, a sinusoidal sig- 
nal output from an oscillator 12 generating the sinu- 
soidal signal for example at a frequency of 1 0 KHz as 
shown in FIG. 2B. and inputs the modulated signal to 
a variable gain amplifier 7' through a monitor and con- 

35 trol circuit 9' for the down transmission line. The vari- 
able gain amplifier 7' amplifies the input signal with 
a preset gain (Gj) arid outputs the amplified signal as 
an alternating current Uc for driving a pumping laser 
diode 6*. 

40 Meanwhile, signal light input from the down opti- 

cal transmission line 11^ is supplied to an erbium-dop- 
ed fiber V having optical amplifying function and this 
signal light is amplified by stimulated emission of ra- 
diation caused by the pumping from the pumping las- 

45 er diode 6\ The thus amplified signal light is transmit- 
ted through a wavelength division multiplexer Z and 
most of it is further transmitted through a beam split- 
ter 3* to be output to the optical transmission line 11'. 
A portion of the signal light is branched off by the 

50 beam splitter 3' and input to a photodlode 4* to be con- 
verted into an electric signal. The electric signal from 
the photodlode 4* is input to an optical output stabil- 
izer circuit 5' and also input to a bandpass filter 
8' whose center frequency is f1 . 

55 In the optical output stabilizer circuit 5*, an aver- 

age value of the input signal is obtained and this aver- 
age value is compared with a preset reference value 
to obtain the difference therebetween, and a DC cur- 
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rent be proportional to the voltage of the difference, 
for driving the pumping laser diode 6'. Is output. Fur- 
ther, the above-mentioned AC current Iac <n accor- 
dance with the response signal is superposed on the 
DC current Idc to provide the drive current for the 
pumping laser diode 6'. The pumping light output from 
the pumping laser diode 6' is input to the wavelength 
division multiplexer 2*. 

Now, assume for example that the wavelengths 
of the signal light transmitted over the up and down 
optical transmission lines are each 1.55 micrometer, 
the wavelengths of the signal light from the pumping 
laser diodes 6 and 6* are each 1.48 micrometer, and 
both the wavelength division multiplexers 2 and 
2' have characteristics such that they transmit light of 
a 1 .55 micrometer band therethrough and reflect light 
of the wavelength of 1.48 micrometer. Then, the sig- 
nal light input from the down optical transmission line 
ir is transmitted through the wavelength division 
multiplexer 2' and Input to the beam splitter 3' and, 
then, most of it is transmitted through the beam split- 
ter 3' and a portion of it is reflected from the same. 
The pumping light from the pumping laser diode 6* is 
reflected by the wavelength division multiplexer 
2' and introduced into the erbium-doped fiber 1'. 

In the erbium-doped fiber r, the signal light is 
optically amplified by the pumping light output from 
the pumping laser diode 6*. In this case, the main sig- 
nal of the signal light Input from the down transmis- 
sion line ir is for example a signal modulated in an 
NRZ format at a frequency of 2.5 Gb/s as shown in 
FIG. 2C, which, when the range of the time base is set 
to be of the order of milliseconds, appears as shown 
schematically in FIG. 2D. 

The modulated wave (whose amplitude is denot- 
ed by B) by the above described response signal is 
superposed on the main signal (whose amplitude is 
denoted by A) as shown In FIG. 2E and the signal light 
is optically amplified with the index of modulation of 
the response signal component relative to the main 
signal set for example to 1 %. Then, by means of the 
feedback loop through an optical output stabilizer cir- 
cuit 5'. the level of the output light of the optical am- 
plifier using the- erbium-doped fiber 1* is kept con- 
stant and, at the same time, the amplitude of the re- 
sponse signal superposed on the main signal Is kept 
constant, and thus the response signal is returned, 
through the down transmission line IV, to the termi- 
nal station (not shown) which transmitted the super- 
visory control signal. 

In the above described repeater circuit, however, 
in order to maintain the output light level of the optical 
amplifying repeater to be constant, a portion of the 
output light is monitored, and the power of the output 
light of the pumping laser diode is controlled as well 
as the gain of the erbium-doped fiber is controlled 
such that the monitored output light level Is held con- 
stant. Cons quently, when the amplitude of the 



modulated waye by the response signal is held con- 
stant, the index of modulation of the response signal 
component relative to the main signal will vary with a 
change in the level of the Input signal to the optical 

5 amplifying repeater, a change in the temperature 
thereof, and the like. 

More specifically, when the amplitude B of the 
modulated wave by the response signal is held con- 
stant, the DC current component Iqc will vary with a 

10 change in the level of the input signal to the optical 
amplifying repeater and, thereby, the index of modu- 
lation of the response signal component relative to 
the main signal will vary. 

Further, when the temperature is changed, the 

15 driving current (DC current component Iqc) versus 
output characteristics of the pumping laser diode will 
vary and, hence, the index of modulation of the re- 
sponse signal component relative to the main signal 
will vary. When the Index of modulation of the re- 

20 sponse signal component relative to the main signal 
varies so much as to exceed a predetermined limit, 
there arises a problem that the terminal station be- 
comes unable to receive the response signal. 

Accordingly, it is desirable to provide an optical 

25 amplifying repeater including a repeater circuit capa- 
ble of keeping the index of modulation of the re- 
sponse signal, generated by the repeater in response 
to a supervisory control signal, relative to the main 
signal virtually constant. 

30 An embodiment of the present invention can pro- 

vide an optical amplifying repeater comprising a first 
and a second rare earth-doped fiber respectively 
connected with a first and a second optical transmis- 
sion line, a first and a second pumping laser diode for 

35 inputting pumping light to the first and second rare 
earth-doped fibers, respectively, first and second 
photoelectric conversion means for converting a por- 
tion of output light input thereto from the first and sec- 
ond rare earth-doped fibers into an electric signal, re- 

40 spectlvely, first and second optical output stabiliza- 
tion means respectively connected with the first and 
second photoelectric conversion means for outputting 
the DC component (Inc) of driving currents of the first 
and second pumping laser diodes such that the opt- 

45 ical output level of the first and second rare earth- 
doped fibers becomes constant, monitor and control 
means supplied with a supervisory control signal 
component superposed on the main signal of an opt- 
ical signal input from the first and second optical 

50 transmission lines for outputting a response signal 
component responding to the supervisory control sig- 
nal component, and first and second amplification 
means for amplifying the response signal component 
Input thereto from the monitor and control means and 

55 outputting the amplified response signal component 
as the AC component (Uc) of the driving current for 
driving the first and second pumping laser diodes, 
characterized by first and second gain control means 

3 
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provided between the first and second amplification 
means and the first and second optical output stabil- 
ization means and supplied with the DC current com- 
ponent (Idc) oi the driving current output from each of 
the optical output stabilization means for outputting a 
control signal (Vcont) for controiling the gain of each 
of the amplification means such that the DC compo- 
nent (loc) and the AC component (Uc) of the driving 
current output from each of the amplification means 
satisfy the relationship Iac = a ^dc + ^ (a. b- con- 
stants). 

In such an embodiment, the main signal and the 
response signal are amplified at the same rate and, 
hence, the index of modulation of the response signal 
component relative to the main signal can be kept vir- 
tually constant even when there is produced a change 
in the input signal level to the optical amplifying re- 
peater, the temperature of the same, and so on. Ref- 
erence will now be made, by way of example, to the 
accompany drawings, In which: 

FIG. 1 (discussed above) is a block diagram of a 
previously-considered repeater circuit; 
FIG. 2Ato FIG. 2E are schematic timing diagrams 
for use in explaining a modulation operation per- 
formed by the Figure 1 circuit; and 
FIG. 3 is a block diagram of a repeater circuit em- 
bodying the present invention. 
An embodiment of the present invention will be 
described below with reference to FIG. 3. In the de- 
scription of the embodiment, elements which are sub- 
stantially the same as those in the FIG. 1 repeater cir- 
cuit will be described denoted by corresponding ref- 
erence numerals. 

Referring to FIG. 3, reference numeral 20 de- 
notes a repeater circuit for the up transmission line 
and 20* denotes a repeater circuit for the down trans- 
mission line. Signal light constituted of a main signal 
and a supervisory control signal superposed thereon 
transmitted over the up optical transmission line 11 is 
input to an erbium-doped fiber 1 . Pumping light output 
from a pumping laser diode 6 is reflected by a wave- 
length division multiplexer 2 and introduced Into the 
ert>lum-doped fiber 1 and, thereby, erbium ions are 
excited to a higher energy level. When the signal light 
Is input to the erbium-doped fiber 1, stimulated emis- 
sion of light of the same wavelength as that of the sig- 
nal light takes place in the erbium-doped fiber 1 and 
the signal light Is thereby amplified. 

The amplified signal light is transmitted through 
the wavelength division multiplexer 2 and most of the 
transmitted light is transmitted through the beam split- 
ter 3 to be output to the optical transmission line 11. 
A portion of the signal light is branched by the beam 
splitter 3 and input to the photodlode 4 to be convert- 
ed Into an electric signal. The electric signal from the 
photodiode 4 Is input to an optica! output stabilizer cir- 
cuit 5 and also input to a bandpass filter 8 whose cen- 
ter frequency is f1. In the bandpass filter 8. only the 



subcarrier at the frequency of f1 (for example 10 
MHz) modulated by the supervisory control signal is 
extracted from the input electric signal and this sub- 
carrier is Input to a monitor and control circuit 9. 

5 The monitor and control circuit 9 demodulates the 

subcarrier to thereby reproduce the supervisory con- 
trol signal transmitted from the terminal station (not 
shown). According to this supervisory control signal, 
it monitors input and output levels of the optical am- 

10 plifying repeater, monitors the driving current of the 
pumping laser diode 6, monitors the temperature of 
the repeater, switches the currently used pumping 
laser diode 6 to a backup, and performs optical loop- 
back. 

15 Further, the monitor and control circuit 9, in re- 

sponse to the supervisory control signal, generates a 
response signal for example at a frequency of 50 b/s 
and in an RZ format as shown In FIG. 2A. Further, it 
modulates, with the response signal, a sinusoidal sig- 

20 nal output from an oscillator 12 generating the sinu- 
soidal signal for example at a frequency of 1 0 KHz as 
shown in FIG. 2B, and inputs the modulated signal to 
a variable gain amplifier 7' through a monitor and 
control circuit 9* for the down transmission line. 

25 Meanwhile, signal light input from the down opti- 

cal transmission line IV Is input to an erbium-doped 
fiber r and the signal light is amplified by action of 
the pumping light output from a pumping laser diode 
6'. The amplified signal light is transmitted through a 

30 wavelength division multiplexer 2' and most of the 
transmitted signal light is also transmitted through a 
beam splitter 3' to be output to the optical transmis- 
sion line 11'. A portion of the signal light reflected by 
the beam splitter 3* is input to a photodiode 4' to be 

35 converted into an electric signal. The electric signal 
from the photodiode 4' Is input to an optical output 
stabilizer circuit 5' and also Input to a bandpass filter 
8* whose center frequency is f 1 . 

The average value of the input signal is obtained 

40 in the optical output stabilizer circuit 5* and this aver- 
age value is compared with a preset reference value 
and, thereby, the difference therebetween is ob- 
tained. The optical output stabilizer circuit 5* outputs 
a DC current Iqc for driving the pumping laser diode 

45 6' proportional to the voltage of the above difference 
value and Inputs the current to the pumping laser di- 
ode 6' and also inputs It to an operational amplifier 

In the operational amplifier 13'. a control signal 
50 voltage Vcont relath/e to the voltage Vqc correspond- 
ing to the current loc satisfying the following expres- 
sion is obtained by calculation 

Vcont = (a x Vqc + b)/c, 
where a, b, c are constants.and the voltage 
55 Vcont is Input to the variable gain amplifier T. In the 
variable gain amplifier 7\ the gain for the sinusoida 
signal at 10 KHz modulated by the response signal 
output from the monitor and control circuit 9 is control- 
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led such that the voltage Vac corresponding to the AC 
component (Uc) of the driving current of the pun^ping 
laser diode 6' becomes 

Vac = c X VcoNT = a x Vqc + b. 
and outputs the AC component (Uc) oi the driving cur- 
rent where a, b, and c are varied with each optical 
amplifying repeater and will be set to optimum values 
according to characteristics of each repeater. 

The pumping laser diode 6* is driven by the driv- 
ing current obtained by superposing the AC compo- 
nent (Iac) on the DC component (Idc). The output light 
from the pumping laser diode 6' is reflected by the 
wavelength division multiplexer 2* and input to the er- 
bium-doped fiber V, and. thereby, the signal light in- 
put from the down optical transmission line 11' Is am- 
plified and simultaneously the response signal com- 
ponent is amplified at the same ratio. 

As a result, the response signal component is ar- 
ranged to have its index of modulation relative to the 
main signal maintained to be virtually constant even 
when a change is produced in the input signal level 
to the optical amplifying repeater, the temperature of 
the same, and the like, and it is returned to the ter- 
minal station (not shown), which delivered the super- 
visory control signal, through the down optical trans- 
mission line 11'. 

In a repeater circuit embodying the present inven- 
tion, since the response signal generated in response 
to the supervisory control signal and the main signal 
are amplified at the same rate, the index of modula- 
tion of the response signal component relative to the 
main signal can be maintained at a desirably constant 
value even when a change is produced in the level of 
the input signal to the optical amplifying repeater, the 
temperature thereof, and the like. 



Claims 

1. An optical amplifying repeater comprising a first 
and a second rare earth-doped fiber respectively 
connected with a first and a second optical trans- 
mission line, a first and a second pumping laser 
diode for inputting pumping light to said first and 
second rare earth-doped fibers, respectively, 
first and second photoelectric conversion means 
for converting a portion of output light input there- 
to from said first and second rare earth-doped 
fibers into an electric signal, respectively, first 
and second optical output stabilization means re- 
spectively connected with said first and second 
photoelectric conversion means for outputting 
the DC component (Idc) of driving currents of said 
first and second pumping laser diodes such that 
the optical output level of said first and second 
rare earth-dop d fibers becomes constant, mon- 
itor and control means supplied with a superviso- 
ry control signal component superposed on the 



main signal of an optical signal input from said 
first and second optical transmission lines for out- 
putting a response signal component responding 
to said supervisory control signal component, 

5 and first and second amplification means for am- 

plifying the response signal component input 
thereto from said monitor and control means and 
outputting the amplified response signal compo- 
nent as the AC component (Iac) of the driving cur- 

10 rent for driving said first and second pumping las- 

er diodes, the improvement comprising 

first and second gain control means pro- 
vided between said first and second amplification 
means and said first and second optical output 

15 stabilization means, respectively and supplied 

with the DC current component (Iqc) of the driv- 
ing current output from each of said optical output 
stabilization means for outputting a control signal 
(Vcont) for controlling the gain of each of said am- 

20 plification means such that the DC component 

(Idc) anci the AC component (Uc) of the driving 
current output from each of said amplification 
means satisfy the relationship Uc = a ^ 'oc + b (a, 
b: constants). 

25 

2. An optical amplifying repeater according to claim 
1 . wherein the output of the response signal com- 
ponent responding to the supervisory control sig- 
nal component input from one of said first and 

30 second optical transmission lines and received by 

said monitor and control means is superposed on 
the main signal of the optical signal input from the 
other of said first and second optical transmission 
lines so as to be transmitted over the other of said 

35 optical transmission lines. 

3. An optical amplifying repeater according to claim 
1 or 2, wherein said first and second gain control 
means are each formed of an operational ampli- 

40 fier. 

4. An optical amplifying repeater according to 
claims 1, 2. or 3, wherein said first and second 
rare earth-doped fibers are each formed of an er- 

45 bium-doped fiber and said first and second pho- 

toelectric conversion means are each formed of 
a photodlode. 
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